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1. Introduction

The goal of the work was to study the performance of a novel ion
source for solids, whereby the fons are produced by sputtering from a
surface which is bombarded by high énergy ions. The primary ions shall
be concentrateé on the bombarded target sa@ple surface either to a
focus of about 1 mm diameter in one instance, and, for a different type
of experiment, to a focus of about 6 i diameter. The first arrangement
is intended to be used to study the inhomogeneity of the sample, the
second one shall be used to obtain an average composition. Both
experiments can be performed with basically the same overall arrangement
by selecting the proper size of holes in the source aperture plate and
in the deflection condenser aperture plates. These di:phragms have

been made exchangeable.

The first phase of the work, which is now completed, involved the
design construction. and assémbly of the test apparatus. The testing
and evaluation will be subject of the forthcoming second phase of the

contract.
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2. Design Considerations

2.1 Primary Ion Source

The first important decision was to choose the source of the
primary ions. For the intended use it was supposed to deliver an fon

beam having the following features: high ion current density, small

angular spread, small energy spread. Also, the ges cfficiency should
be as high as possible in order to be able to mainﬁain a suffiéiently
low preésure in the sputtering region. In the original work of
Herzog and Viebock,(z) a canal-ray tube was used. In the meantime,

other ion sources with better properties have been devéloped. A -
thorough survey of the literature on the subject led to the decision to

(2)

use a so called Duoplasmatron Ion Source, which was developed about
twelve years ago and has gained widespread use since tﬁen. It has been
reported to emit a hydrogen ion beam of up to 1 ampere'f;oﬁlan 1.4 mm
diameter opening with continuous.operation, and eveﬁ more with pulsed

3)

operation. The energy spread is only about 20 ev and the gas effici-~

ency is more than 90%.

In the Duoplasmiatron a low pressure arc discharge is constricted
by a funnel-shaped baffle (see Figure 1) placed between the eiectron
emitting cathode and the anode. A strong axial magnetic field betweeé
the baffle and the anode further constricts the discharge. Thes;
constrictiéns largely enhance the current density as compared with that
in a free arc of equal total current. A fraction of the plasma is
driven Sy kinetic and magnetic forces towards the ion extraction aperture
in the anode, from where the positive ions can be extracted and

s o
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accelerated by a strong electric field. With the aid of an electrostatic
einzel lens the ion beam can be focused on a target. The diameter of

the focus can be varied simply by varying the potential of the middle.
electrode of the einzel lens. The smallest diameter of the focus
achievable is determined by the diameter of the ion extraction aperture.
in the Duoplasmatron anode and by the enlargement ratic of the system.

@)

There is reason to assume that maximum yield of sputtered ions is to
be expected at energies of the bombarding ions between 20 and 30 kv,

which will be the acceleration voltage to be worked with.

A Duoplasmatron lon Source including the electrostatic einzel lens
could be purchased as a ready unit from High Voltage'Engineering,
Burlington. It is air-cooled which limits the arc current to 2 amperes
and the correspondent iﬂtensity of the ion beam - af operation with
hydrogen gas - to 5 ma. The system anode, acceleration electrode, einzel

lens is designed for acceleration voltages up to 30 kv.

2.2 ‘System Geometry

The geometry of the sputtering source had to be coordinated with

the given demensions of the Duoplasmatron.

In order to make the diameter of the focus of the primary ions on
the target as small as possible, the location of the target had to be
kept as close as possible to the einzel lemns. Another point of considet-'
ation was that the Duoplasmatron should be mounted having its axis

vertical, mainly because of its weight and the necessity to ‘have an
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insulating flange between the Duoplasmatron and the oiher housing, while
the axis of the secondary ion beam should be horizontal. This problem
was solved by placing a short deflection condenser between the einzel
lens and the target which deflects the primary ion beam by 30°, under
which angle the beam hits the target surface. The grounded portion of
the condensér (see Figure 1) is watercooled, because the entrance
opening confines the beam aperture and might get too hot without cooling?
An ion current of 5 ma at an energy of 30 kv means a total beam power

of 150 watts. The target samples can be attached in the form of flat
pieces to an exchangeable heavy éopper disc mounted on a water-cooled
shaft which can be rot;tedv from outside during operation, the axis
being offset from the axis of the secondary ion optics. By this arrange-

ment two advantages are gained. First, a number of different samples

" can be attached along the proper circumference on the copper disc and

brought quickly into the primary ion focus one after the other; second,
each sin3le sample can be scanned by slightly rotating the shaft.
Scanning of the sample in the direction perpendicular to this movement
can be achieved over a limited range by varying the deflection potential
of the deflection.condenser. The secondary ion optics consists of two
cylindrical electrodes, one éf which is grounded. The other one is
located between this gr;unded one and the target and serves to focus
the secondary ions to the mass spectrometer slit, its potential being
adjustable in the neighborhood of the target potential. ' Attached to
this electrode is a 30°'piece (comp. Figure 1) with a flaé surface

facing the exit side of the deflection condenser and bored through to
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allow the primary ion beam to pass. This way the retarding field which
the primary fon beam has to pass between the condenser exit and the'
target region is axially symmetrical and cannot distort the beam, and,
further, the secondary ion optics is completely shielded against the

strong . fields of the primary ion optics.

2.3 Pumping Requirements

The Duoplasmatron is operated at a pressure of about 20 microms.
The ion extraction orifice in the anode is a bore of 0.2 mm diameter.
In case the Duoplasmatron is operated with Argon, the effusive flow

15

out of this orifice would be 3.10 " particles/second, according to

Knudsen's equation. An ion current of 5 ma consiéiing of singly
charged ions corresponds to 3.1016 particles/second, which is ten times
as ﬁuch. That means the pumping requirements-ha?e to be based on this
figure. The pressure which builds up in the region between the

Duoplasmatron and the mass spectrometer slit is given by the relatiom
n [particles/sec] = s [cﬁslsec] x N [particleslc"]

where s is the pumping speed working at that volume and N is the
resulting number density. From this it follows that in order to keep
the background pressure below 10.5 torr, a pumping speed of 10 liters/

second 1is required.

The system is mounted directly on the pumping port of a Veeco VE-400
pumping station, which is equipped with a 400 liters/second oil diffusion

pump and has at the pumping port a pumping speed of about 100 liters/second.

5




RECROR No.c2-343

That means that the background pressure will be around 10.6 torr when
the Duoplasmatron is operated with Argon. For heavier gases than
Argon, for instance Krypton or Xenon, the background pressure would

get higher, because the pumping speed for those gases is lower.
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3. Technical Description

3.1 Housing

The main housing of the Sputtering Ion Source consists of a 4-1/2"

stainless steel tube with two end flanges and five flanged sideports.

The upper sideport carries the high voltage feed-tkrough which puts the
middle electrode of the einzel lens on high potential. At the second-
sideport, the deflection condenser is inserted. At the third sideport
the target holder and the secondary ion optics are mounted. The fourth
sideport opposite to it is the cdnnection port to the mass spectrometer. - -
The fifth sideport is a viewing port. The five sideports and the two
end flanges are heliarc welded to the 4-1/2" housing tube. The feed-
’ throughs which are of the ceramic-metal type are vacuum brazed into
their correspondent flanges. The bottom end flange sits on the &%
pumping port of the pumping station, and the top end flange carriét an
insulating flange machined of pyrex. This in turn carries the

Duoplasmatron Ion Source which is kept at high potential.

3.2 Duoplasmatron

The principal elements of the Duoplasmatron are a filament, a '
baffle electrode, a source-aperture plate (anode), a magnet, and &
housing. The filament, a platinum-gauze coated with darium oxide, i3
mounted across the ends of two rods which are connected to the filament
pover  supply through ceramic-metal feedéthroughs which lead through the

cover of the source. The source baffle surrounds the filament. It is

7
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insulated from the anode plate by a ceramic ring and connected over

a bleeder resistor to the anode plate which results in a baffle
potential about in the middle between the filament and the anode plate.
The bottom of the baffle is conically shaped with a hole at its apex.
Facing the apex of the cone, and separated from it by a small gap, is
the aperture plate which has a hole of 0.008 inch in its center. A
solenoid surrounds the source baffle which creates a strong magnetic
field between the apex of the source baffle and the aperture plate. An
exhaust fan, mounted on top of the Duoplasmatron, cools the magnet and

the source assembly.

3.3 Gas Supply

The gas is supplied through a i/B" copper tube which leads through
the source cover. A needle valve controls the flow of the gas out of
one of the two supply flasks, where the gas is stored at a pressure of
about 50 torr. This gas inlet system is electrically insulated for
30 kv against ground, because during operation it will be on the high

voltage side.
3.4 Einzel Lens

The einzel lens consists of three stainless steel electrodes. It
extracts the positive ions from the plasma at the source aperture and
brings them into focus at a distance which is adjustable by choosing

the proper potential of the middle electrode.
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The first electrode (the extraction electrode) has a cone-shaped
apex at the upper end which creates a strong electric field between '
the hole in the source aperture plate and the bored apex, and thus
extracts and accelerates the ions into the einzel lens. The first and
third electrodes are interconnected and grounded, while the middle
electrode is kept at a potential a few kilo volts below the potential
of the Duoplasmatron. The einzel lens assembly is mounted with three
long rods to the source aperture plate. Ceramic spheres maintain

proper insulation and spacing between the electrodes.

3.5 Deflection Condenser

The deflection condenser consists of a trapezoid shaped grounded

copper dblock to which two aperture plates are attached, and a deflection \

plate at a proper potential to deflect the primary ion beam by 30°.
The copper block has a center bore and slips over a water-céoled
copper tube passing through the mounting flange. This flange carries
also the high voltage feed-through for the deflection plate which fs"-
mounted directly on the center rod of the féed-through. The two
aperture plates are easily replaceable. The conﬂenset,élates are
tilted by 15° against the axis of the einzel 1en; so that the position
of the condenser is symmetrical in respect to the path of the primary
ion beam. Assuming the energy spread of the primary fons being less
than 0.1%Z, which is the.case with the Duoplasmatron at acceleration

- voltages over 20 kv, the broadening of the beam at th¢ tar§et surface

due to the energy -dispersion of the deflection condenser turns out to .

- e e
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be less than .002" and is therefore negligible.

3.6 Target Holder

The target samples are to be attached to a copper disc which in
turn is bolted to another copper disc which is mounted on a water-
cooled copper tube. This tube goes through the cover flange, being
electrically insulatéd against it, and vacuum sealed with two spring
loaded gaskets, whereby the space between them is kept under fore-
vacuum. A retainer ring with an engraved degree scale located on the
tube behind the cover flange allows movements of the target samples in

a controlled way.

3.7 Secondary Ion Optics

Between the target cover flange and the respective sideport there

.iﬁ aﬁother flange on which two tube shaped copper electrodes are
mounted which serve to accelerate and focus the secondary ions. They
are mouﬁted in a similar manner as the elements of the einzel 1lens,

filed up on four rods aﬁd one of the electrodes insulated and hela in
| place with>pyrex balls. A ceramic-metal feed-through supplies the
voltage for the insulated electrode, which has an angle piece attached
to-its upper side with a passage for the primary ion beam. At present
the mass spectromer connection port opposite to the target holder port
is closed with a fiange carrying a collector to measure. the toill

secondary ion current.

10
/2
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3.8 Viewing Port

A viewing port consisting of e 1/4" thick pyrex disc,'gasketed
between two aluminum flanges, allows visual observation of the target
region. The pyrex disc can be easily replaced which is expected to be
necesszry from time to time whenever the inner glass surface gets

blackened by sputtered material.

. 3.9 Power Supplies

The power supply unit for the Duopl-rmatron includes a fila-ent
transformer rated for O to 4 volts, 0 to 18 amperes, a.c., an arc
power supply rated for O to 220 volts, 0 to 2 amperes d. c., and &
magnet power supply, rated for O to 120 volts, 0 to 2 amperes d. c.
All these power supplies including 1nstt§ments and variacs are
insulated against grouna for at least 30 kv and obtain their input
powver from an insulating transformer, which transforms 115 volts a. c.

at a ratio of 1:1 with a rating up to 1500 volt ampere.

The high voltage power supply for the acceleration and focusing
of the primary iou beam is rated for 0 to 50 kv, 0 to 30 ma ﬁ. c. The
negative terminal is grounded, the positive ter;inal is connected over
a protection resistor to the Duoplasmatron apettufe plate. The
voltages for the einzel lens middle electrode and for the deflection
condenser are taken from a voltage divider across the Duoplasmatron
apefture plate and ground and can be varied in small steps to adjust
the focus on the target. The middle electrode of the einzel lens draws

- .. mn

/3
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about three to four times as much current as the primary ion beam
amounts to, due to secondary electrons which are 1liberated by
primary ions. Therefore, the voltage for this electrode is applied
over a high voltage tube in a cathode follower circuitry. This

arrangement guarantees stability of the primary ion beam despite

ripple and fluctuations of the acceleration voltage.

12
14
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4. Conclusion

An ion source for solids analysis has been designed and built which
uses the principle of sputtering of secondary ions from a sample

surface which is bombarded by highly energetic primary ioms.

The primary ions are produced im a Duoplasmatron Ion Source which
delivers a homogenous beam of positive ions at an intensity of several
wmilliamperes. Ions of various kinds of gases or vapors can be produced

in the Duoplasmatron. It is expected that noble gases will give the

highest yield of sputtered secondary ions.

The primary ions can be accelerated to energies up to 30 kjlovoltt.
They are brought to focus on the target, the diameter of the focus
being variable between 0.5 mm up to at least 5 mm. The target samples
are to be attached in the form of tablets to a water-cooled copper
plate, and can be Scanﬁed with the ptimar} ion focus in two directions.

The secondary ions are accelerated and focused on the mass spectrometer

slit.

The performance of the new ion source has not yet been tested,

13
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Sputtering Ion Source, Back View

Figure 4.
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